Introduction
While paleoanthropologists and archaeologists agree that western Georgia was used as a thoroughfare of human movements to and from the Caucasus (Pinhasi et al., 2012; , the paleoanthropological fossil record of the local Middle and Upper Palaeolithic in this key region is currently limited to scanty human remains. For the Late Pleistocene, the Middle Palaeolithic (MP)
Georgian human fossil record consists of a partial maxilla from the site of Sakajia and some isolated teeth from the sites of Bronze Cave, Djruchula, Ortvala and Ortvale Klde, which were all classified as Neandertals (Pinhasi et al., 2012) . The Upper Palaeolithic (UP) fossil record consists of a modern human tooth from Bondi cave (Tushabramishvili et al., 2012) , recently dated between 39,000 and 35,800 cal. BP (Pleurdeau et al., 2016) , and cranial fragments from Sakajia, dated between 12,000-10,000 cal. BP (Nioradze and Otte, 2000) (Fig. S1 ). Therefore, even though some author suggests that Caucasus represents a sort of cul de sac for Neandertal survival, and that modern humans arrived in this area much later compared to other regions (Bar-Yosef and Pilbeam 2000) , the paucity of human remains prevents any conclusive assessment.
Here we report additional Upper Palaeolithic human remains from the Imereti region, western Georgia ( Fig. S1 ; see SOM): two isolated teeth from Dzudzuana cave (Bar-Yosef et al., 2011) , one isolated tooth and a hemi-mandible bearing teeth from Satsurblia cave (Pinhasi et al., 2014) . In particular, the human remains from Dzudzuana cave, dated between 27,000-24,000 cal. BP, fill a huge gap in the Upper Palaeolithic Georgian fossil record and play an important role in the debate about modern human peopling of the Caucasus.
Materials and methods

Micro-CT
High-resolution µCT images of the teeth from Dzudzuana (Dzu 1 and Dzu 2; Fig. 1 ) and the isolated tooth from Satsurblia (SATP5-2) (Fig. 2) were obtained with a XALT microtomographic system (Institute of Clinical Physiology, Pisa, Italy) (Panetta et al., 2012) . The Satsurblia mandible (Fig. 3 ) was scanned with a Birscan microtomographic system (Max Planck Institute for Evolutionary Anthropology, Leipzig, Germany) (Scan parameters and processing procedures are described in the SOM).
Morphological description
Terminology for the morphological description of the mandible and the teeth follows White et al. (2012) and Scott and Turner (1997) , respectively. Nonmetric traits were evaluated according to standards outlined by the Arizona State University Dental Anthropology System, ASUDAS (Turner et al.,1991) , Bailey (2002) , Bailey et al. (2011) and Martìnez de Pinillos and colleagues (2014). Occlusal wear stage was assessed based on Molnar (1971) . For deciduous teeth, the age at death was estimated using the sequences provided by AlQahtani and colleagues (2010) .
Morphometric analyses
Height and breadth of the mandibular corpus were measured in the digital model at the level of both the mental foramen (Buikstra and Ubelaker, 1994) and the lower first molar (Rosas and Bermùdez de Castro, 1999) .
In addition to MD and BL crown diameters (Benazzi et al., 2011a; 2013a; Margherita et al., 2016) for the deciduous molars we used crown (for Dzu 1, Dzu 2 and SATP5-5) and cervical outline analyses (for Dzu 2 and SATP5-5), following methods provided by Benazzi et al. (2011b; 2012a; 2014a) and Bailey et al. (2014) . For the permanent teeth we have computed the 3D enamel thickness following guidelines provided by Benazzi and colleagues (2014b) . Finally, to assess whether Dzu 1 and Dzu 2 belong to the same individual, both teeth were analysed using the Occusal Fingerprint Analyser (OFA) software package (2008) (2009) (2010) (2011) (2012) (2013) (2014) ZiLoX-IT GbR) (see e.g., Benazzi et al., 2012b; 2013b, c; Kullmer et al., 2013; Fiorenza et al., 2015) (for more details about methods see SOM).
Metric comparison
Whereas no metric comparison was undertaken for the mandibular corpus owing to its subadult age, the BL diameters of the deciduous teeth were compared with a sample of Neandertal (N), Upper Palaeolithic H. sapiens (UPHS) and recent H. sapiens (RHS) teeth collected from the scientific literature (Hillson and Trinkaus, 2002; Henry-Gambier et al., 2004; Hershkovitz et al., 2011) . The MD diameter was not considered owing to the interproximal wear. For the permanent dentition, comparative dataset for MD and BL diameters were created ex novo and include N, Early H. sapiens (EHS) and RHS (Table S1 ).
The shape variables (Dzu 1 crown outline; Dzu 2 and SATP5-5 crown and cervical outlines) were projected into the shape-space obtained from a principal component analysis (PCA) of the comparative sample used by Bailey et al. (2014) and Benazzi et al. (2012a) , respectively. We used cross-validation linear discriminant analysis (LDA) of the Principal Components that account for about 90% of the total variability to assess the closest taxa affiliated with the Dzu 1, Dzu 2 and SATP5-5 specimens.
Comparative data for 3D enamel thickness were created ex novo and include N, EHS and RHS with different wear stages (Table S1 ). The only UPHS specimen available for enamel thickness analysis (Villabruna, lower left first molar; Vercellotti et al., 2008; Oxilia et al. 2015) was included in the RHS sample. To discern differences in enamel thickness between N and RHS, 3D
AET and 3D RET indices were tested using the Mann-Whitney U test (α = 0.05; two-tailed) with a Monte Carlo permutation. Standardized scores (Z-score) were computed to establish the group means closest to the values of Dzudzuana and Satsurblia specimens. The data were processed and analysed using R v. 2.15.1 (R Development Core Team, 2012).
Results
Dzudzuana -morphological description
Dzu 1 is an upper right second deciduous molar (Rdm 2 ), with a complete crown and a cervical quarter of the root (Fig. 1A) . The tooth has several visible fractures on the enamel-dentine junction (EDJ; Fig. S3A ). While it is heavily worn (wear stage 5) (Fig. 1A) , the remnants of four principal cusps, a weak Cusp 5 (ASUDAS grade 1), accessory crests and a small Carabelli's trait are still visible on the EDJ (Fig. S3A ). The hypocone is small, giving to the crown a sub-square shape.
Dzu 1 has a distal interproximal facet larger (length=5 mm; height=1.6 mm) than the mesial one (length=3.7 mm; height=1 mm). On the buccal wall of the crown there is a large wear facet with dentine exposure, probably related to para-masticatory activities. Root resorption at the R¾ stage suggests that the tooth had been lost ante-mortem and corresponds to an age ranging from nine to 12 years old. The tooth crown has a MD diameter of 9.9 mm and a BL diameter of 10.5 mm (Table 1) . At the cervix, the MD diameter is 7.4 mm and BL diameter is 9.9 mm.
Dzu 2 is a worn (wear stage 4) lower right second deciduous molar (Rdm 2 ) with a complete crown and a cervical quarter of the root (Fig. 1B) . The tooth has several visible fractures, the main one is oriented bucco-lingually and divides the tooth into two parts (see Fig. S2 for the virtual restoration). It is worn (wear stage 4). From the occlusal view the crown outline shows a buccodistal reduction and a straighter lingual side (Fig. 1B) . On the EDJ, five principal cusps, a weak anterior fovea bordered distally by a weak mesial trigonid crest (MeTC), and potentially the remnant of a distal trigonid crest (DTC), almost entirely removed by tooth wear, can be observed (Fig. S3B ). Interproximal facets are evident both mesially (length=3.7 mm; height=1.7 mm) and distally (length=5.1 mm; height=2.5 mm). Root resorption is at a Res ¾ grade suggesting that the tooth had been lost ante-mortem, at an age ranging from nine to 12 years old. The tooth crown has a MD diameter of 10.3 mm and a BL diameter of 9.5 mm (Table 1) . At the cervix, the MD diameter is 8.6 mm and BL diameter is 7.9 mm.
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Testing occlusal contacts between Dzu 1 and Dzu 2
Only three occlusal contacts are detected during maximum intercuspation in the OFA software, this suggests that the teeth do not belong to the same individual ( Fig. S4 ; see SOM).
Satsurblia -morphological description
SATP5-2 is an upper right central deciduous incisor (Rdi 1 ), worn (wear stage 4), with the enamel on the mesial side chipped off and the cervical quarter of the root preserved. A longitudinal fracture, bucco-lingually directed, separates a distal portion of the tooth. (Fig. 2) . From the labial view, the crown has moderate labial convexity (ASUDAS grade 3), that becomes less pronounced distally. The lingual surface is concave, and shows a distal marginal ridge (the mesial one is not visible, maybe removed by wear) and a faint median ridge, which disappears as it reaches the 7 cervical eminence (Fig. 2) . The stage of resorption is at Res ½ (the preserved portion is 3.5 mm) and suggests that the tooth had been lost ante-mortem through dental development, at an age estimated to be between six and seven years. The tooth crown has a MD diameter of 6.8 mm (minimum estimation due to wear) and a BL diameter of 5.6 mm (Table 1) . At the cervix, the MD diameter is 5.5 mm and BL diameter is 4.9 mm. EDJ, enamel-dentine junction.
Mandible
SATP5 is an incomplete left hemi-mandible with part of the body and the ramus preserved ( Fig. 3A-C). In detail, the gonial region and the condyle process are missing, as well as the portion of the mandibular body in front of an imaginary line that connects the mental foramen and the alveolus of the left first incisor.
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In SATP5, only the second deciduous molar (dm 2 ; SATP5-5) and the first molar (M 1 ; SATP5-6) are visible, while premolars (P 3 and P 4 , respectively SATP5-3and SATP5-4) and second molar (M 2 ; SATP5-7) are unerupted ( Table 1) . The teeth are well-preserved, except for a small fracture in the P 3 . The P 4 is turned upside down, probably from post-depositional repositioning that occurred within the tooth socket. Since the degree of mineralization of teeth, dental development and eruption stages correspond to an age ranging from six to seven years. On the lingual side of the hemi-mandible (Fig. 3A) , the mylohyoid line runs from the unerupted M 2 till the anterior fracture. On the buccal side (Fig. 3C) , the mental foramen is positioned between the interalveolar septa of the deciduous canine and the first deciduous molar.
The maximal height of the corpus is 45.7 mm and its maximal length is 69. SATP5-3 is a lower left third premolar (LP 3 ) with a complete, unerupted crown and root in earliest formation, at the Ri developmental stage (Fig. 3G) . The crown is sub-circular and shows two main cusps, the protoconid larger than the metaconid, separated by a mesio-distal groove. On the EDJ, two further small dentine horns (hypoconid and entoconid) and a moderate transverse crest connecting the protoconid and metaconid (grade 2, Bailey, 2002) are visible (Fig. S5A ).
The tooth crown has a MD diameter of 6.9 mm and a BL diameter of 7.5 mm (Table 1) . At the cervix, the MD diameter is 4.7 mm and BL diameter is 6.5 mm.
SATP5-4 is a lower left fourth premolar (LP 4 ) with a complete, unerupted crown but without the root, at the Crc developmental stages (Fig. 3H) . The crown has a circular occlusal outline and shows four cusps, with the metaconid equal in size to the entoconid (ASUDAS grade 4). The mesio-distal groove separates the main cusps. On the EDJ a mesial accessory ridge (MAR) borders an anterior fovea distally (Fig. S5B) . The tooth crown has a MD diameter of 7.2 mm and a BL diameter of 7.9 mm (Table 1) . At the cervix, the MD diameter is 4.5 mm and the BL diameter is 6.4 mm.
SATP5-5 is a lower left second deciduous molar (Ldm 2 ) with both crown and root preserved (Fig.   3F ). The tooth shows several fractures (see SOM). While it is very worn (wear stage 4), the five principal cusps forming a Y groove pattern can be recognized, as confirmed by the EDJ. A moderate shoulder on the distal side of the metaconid (Fig. S5C ) is identified as C7 (ASUDAS grade 1A). The mesial interproximal wear facets are smaller (length=1.5 mm; height=1.1 mm)
than the distal one (length=1.9 mm, height=2.1 mm). On the lingual side, traces of calculus are present (Fig. 3F) . The tooth crown has a MD diameter of 10 mm and a BL diameter of 8.7 mm (Table 1) .
At the cervix, the MD diameter is 8.3 mm and BL diameter is 7 mm. Root morphology suggests cynodontism, with root bifurcation placed at 2.7 mm from the cervix. The distal root, longer than the mesial one, measures 11.8 mm.
SATP5-6 is a lower left first molar (LM 1 ) with crown and root well-preserved (Fig. 3E) , at the R ½ developmental stage. The tooth is slightly worn (category 2), with a weak interproximal facet on the mesial side (length=1.8 mm; height=3.4). In occlusal view, the crown has a rectangular outline and has four main well-developed cusps, an entoconulid (C6) and a faint C7 (ASUDAS grade 1A), also visible on the EDJ (Fig. S5D) . The metaconid is in contact with the hypoconid, confirming the classic 4-Y groove pattern. The tooth crown has a MD diameter of 10.8 mm and a BL diameter of 10.3 mm (Table 1) . At the cervix, the MD diameter is 8.3 mm and the BL diameter is 8.4 mm.
The root length measures 9.5 mm on the mesial side, while 8.81 mm on the distal side.
SATP5-7
is an unerupted lower left second molar (LM 2 ) with a well-preserved crown and cervical quarter of the root, at the Ri development stage (Fig. 3D) . The tooth has four well-developed main cusps arranged in an + pattern, and a faint shoulder identified as a C7 (ASUDAS grade 1A). From this latter develops a weak (grade 1 of Bailey et al., 2011) and continuous DTC (Type 3 following Martìnez de Pinillos et al., 2014) , visible on the EDJ (Fig. S5E) . The tooth crown has a MD diameter of 10.4 mm and a BL diameter of 9.7 mm (Table 1) . At the cervix, the MD diameter is 8.7 mm and the BL diameter is 7.8 mm. 
Metric comparison
The Z score computed for the BL diameter of Dzu 1 is closer to the UPHS mean, while for Dzu 2 the Z-score is equally close to Neandertals and UPHS. The BL diameter of SATP5-2 is closer to UPHS mean while the BL diameter of SATP5-5 is closer to the RHS variability ( Table 2 ). The permanent teeth of Satsurblia are small, falling in the range of modern humans (Fig. S6) . Dzu 1 crown outline was projected into the shape-space PCA computed by Bailey and colleagues (2014) and is positioned in PCA space (first two components) within recent and the UPHS variability (Fig. 4A, B) . The cross-validation LDA of the first four PCs attributes the tooth to modern human with a P post =0.99. Dzu 2 and SATP5-5 crown and cervical outlines were projected in the shape-space computed by Benazzi and colleagues (2014a) . Both outlines of SATP5-5 plots within H. sapiens variability (Fig. 4C, D) . Whereas, Dzu 2 crown outline falls within H. sapiens 12 (Fig. 4C ), but falls within the Neandertals variability for the cervical outline due to its bucco-distal enlargement (Fig. 4D) . The cross-validation LDA of the first five PCs shows that SATP5-5 is attributed to modern human with a P post =1, while Dzu2 is attributed to modern human based on its crown outline (P post =1), but to Neandertals based on its cervical outline (P post =0.99). 
sapiens.
For the 3D RET of Satsurblia permanent posterior teeth the Z-scores computed are always closer to the H. sapiens mean than to Neandertal ones (Table 3 and Table S2 ). 
Discussion and Conclusion
Morphological features and morphometric analyses support the attribution of the human remains from Satsurblia cave and the dm 2 from Dzudzuana cave (Dzu 1) to modern humans. Dzu 2 is more ambiguous, because though the general crown morphology aligns with modern human, the cervical outline plots within the Neandertals variability. Moreover, the evaluation of the occlusal contacts (i.e., OFA software) excludes the attribution of Dzu 1 and Dzu 2 to the same individual.
Although it is more likely that Dzu 2 belongs to a modern human, further work is needed (e.g. Moreover, the lithic assemblages of Unit C can be considered as a variant of the "Eastern Gravettian" and "Epi-Gravettian" complexes as the lithic industry from the Area B layers, Satsurblia, from which the human remains described here were recovered (Bar-Yosef et al., 2011; Pinhasi et al. 2014 ).
This particular case study has provided the opportunity to emphasize the potential of the OFA software to associate isolated teeth. In a previous contribution, two isolated teeth from Taddeo Cave (Italy) were attributed to the same individual by matching the interproximal facets in the OFA software (Benazzi et al., 2011c) . This is the first study to use the OFA software for matching isolated antagonistic teeth, even though recent studies suggest that antagonists show close correspondence in macrowear pattern .
Our results also show that even though both SATP5-2 and SATP5 derive from the same layer and share the same age estimate, they should be attributed to different individuals.
In sum, the analyses of the modern human remains from Dzudzuana and Satsurblia caves provide a major addition to the UP human fossil record of Georgia and indicate the unequivocal presence of modern humans in Georgia during the Upper Palaeolithic, supporting the idea that modern humans reached the Caucasus earlier than previously thought, an assumption that until now was supported only by the tooth from the Bondi Cave (Pleurdeau et al., 2016) . Even though this region is characterized by several Palaeolithic sites, only two other cave sites (Bondi cave and Sakajia) have yielded human remains from UP deposits. It is important to note that the chronological age of the teeth from Dzudzuana cave (27,000-24,000 cal. BP) falls between the currently oldest modern human tooth Bondi I (Pleurdeau et al., 2016) and the most recent human remains from Sakajia (Nioradze and Otte, 2000) , filling the huge gap of more than 20,000 years.
Finally, we provide new information on the 3D enamel thickness of Neandertal and modern human lower molars and premolars at different wear stages following recent guidelines (Benazzi et al., 2014b) taking into consideration the current lack of comparative data for lower (and upper) premolars. Our results confirm that Neandertal M 2 s have significantly lower RET indices than modern humans (Olejniczak et al., 2008; Smith et al., 2012) . However, contrary to our expectations and previous contributions (Macchiarelli et al., 2006; Olejniczak et al., 2008; Bayle et al., 2010; Smith et al., 2012) , the results do not support the same discriminatory power for the M 1 , as differences between the two groups did not reach the significant level. Differences between the two groups appear pronounced in the premolars, ultimately suggesting that P 3 s and P 4 s represent valuable tooth classes to discriminate between Neandertals and modern humans.
Interestingly, even though the small sample size prevents statistical tests, differences seem to persist at least in wear stage 3, rendering the lower post-canine dentition, and particularly the premolars, useful tooth classes even when affected by moderate dental wear.
